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Abstract 



FIELD: metallurgy. SUBSTANCE: wear- resistant cast iron exploited under intensive shock and abrasive wear conditions 
contains carbon, chromium, manganese, silicon, copper, iron, and additionally calcium and cerium as alloying agents. 
Cast iron structure consists of special chromium carbides Cr3C2, Cr7C3, Cr23C6 and metastable austenite basis which, 
in the course of shock and abrasive wear in surface layer, converts into martensite to release special chromium carbides 
Cr7C3 and Cr23C6 which contribute to increased wear resistance. EFFECT: increased service life of parts. 1 tbli 
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cnei^nanbHbix Kap6nAOB xpowia Cr 3 C2, Cr 7 C 3 , 
Cr23C6, n MeTacTa6nribHoPi aycTeHwmort 
MeTa/uiMHecKotf ochobw, KOTopaa b npoijecce 
yAapHO-a6pa3UBHoro M3HOca b nosepxHocTHOM 
cnoe nperepnesaeT npespaiAeHne b MapTeHCMT 
n BbiAeneHne cnenna.nbHbix Kap6nAOB xpowia 
Cr 7C3 h Cr23C6, mto ABJifleTcn AonojiHMTenbHbiM 
hctohhmkom noBbiiueHHfl conpoTMB/ieHHR 
yAapHO-a6pa3HBHOMy H3Hocy. McnonbsoBaHne 
3a«B/iReMoro TexHunecKoro peuienm no3BomieT 
noBbicMTb AonroBeMHOCTb 
6bicrpon3HaujnBaK)iAHXCfi ASTaneft. 1 Ta6n. 
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(54) WEAR-RESISTANT CAST IRON 

(57) Abstract: 

FIELD: metallurgy. SUBSTANCE: wear- 
resistant cast iron exploited under 
intensive shock and abrasive wear conditions 
contains carbon, chromium, manganese, 
silicon, copper, iron, and additionally 
calcium and cerium as alloying agents. Cast 
iron structure consists of special chromium 



carbides Cr 3 C 2 , Cr 7 C 3 , Cr 2 3C 6 and metastabte 
austenite basis which, in the course of 
shock and abrasive wear in surface layer, 
converts into martensite to release special 
chromium carbides 0^3 and Cr^Cs which 
contribute to increased wear resistance. 
EFFECT: increased service life of parts. 1 tbl 
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H3o6peTeHne othocmtch k o6nac™ 
MeiannypruM, b nacTHOc™ k ,m3hococtomkhm 
cnnaBaM, pa60TaK>mMM b ycnoBMHX 
nHTeHCMBHoro yAapHO-a6pa3MBHoro M3Hoca. 
Mcnoxib3yeMbiM, HanpHMep, aha M3roTOBfieHHfl 
pa6cHnx opraHOB ApoSeMeTHWX annapaTOB. 

M3BecreH MyryH [1] coAep)KaiUMM b Mac. 

yrnepoA2,7 3,5 

KpeMHUM 0,4 1 ,4 

MapraHeLi 0,4 1,4 

XpoM 18,5 23 

MeAb 0,2 2 

UmPkohmw 0,01 0,1 

>Kene30 OcranbHoe 

HeAOCTaTKOM n3Becmoro cnnaBa HB/ifleTca 
OTHOCHTenbHO HeBbicoKaa yAapHO-a6pa3MBHap 
usHocoToCiKocTb b cpeAe Apo6n, ncnorib3yeMOM 
b APo6eweTHbix annapaTax. Kpowe Toro, b era 
cocraBe coAepwuTCfl AoporocronuiMtf uupKOHwfi, 
hto yAopowaeT nyryH. 

MsBecTeH TaKwe cTofiKHtf k a6pasuBHOMy 
M3Hocy 3aKannBaeMNM cnnaB [2] coAepwamufi b 
Mac, 

YrnepoA 2,6 3,6 

XpoM 12 22 

MapraHei4 0,5-1,1 

Monn6A6H 1,0 3,0 

MeAb 0,5 1,5 

HnKe^b 1,4 2,5 

KpeMHMM 1,4 2,5 

>Kexie30 OcTanbHOe 

Cn/iaB 06/iaAaeT Aoso/ibHO BbicoKoPi 
CTOMKOCTbK) K a6pa3HBHOMy M3HOCy. OAHaKO OH 
MMeer HeAOCTaTOH h o BbicoKyio 

yAapno-a6pa3HBHyK) K3HOcocTofiKOCTb b cpeAe - 
Apo6n, hto oMeHb b3)kho pj\9\ AeTajiefi 
ApooeMeTOB. KpoMe Toro, b csoeM cocTaBe oh 
coAep)KviT Aect>nu^THbie h Aoporne aneMeHTbt 
Monn6AeH m HWKerib, yBenHHHBaiomne 3aTpaTbi 

Ha OTflMBKy. 

Hanoonee 6jim3khm no TexHHHecKOfi 
cymnocTH k saflBJiaeMOMy TexH win ecKOMy 
petueHHK) HBJifleTCfl h3hococtovikmCi nyryH [3] 
coAepwamwtf b Mac 

ymepoA2,6 3,2 

KpeMHMM 0,6 0,8 

MapraHeij 3,0 6,0 

XpoM 15,0 18,0 

BaHaAMH 0,15 0,25 

Mttpmm 0,25 0,30 

MeAb 1,0 2,0 

>Kene30 OcraJibHoe 

Cnnas o6naAaeT bwcokoA a6pa3HBHofi 
M3HococToRKocTbK) npH TpeHMM o 3aKpenjieHHbie 
HacTMUbi (a6pa3MBHbiK Kpyr KA3 
92A25nCM2BK). 

HeAOCTaTKOM M3BecTHoro nyryHa flBJiaeTca 
HeAOCTaTOHHafl M3HOCOCTOtfKOCTb b ycnoBMflx 

yAapHO-a6pa3HBHoro BOSAeficTBun apo6u, 
Mcnonb3yeMofi b APoGoMeTHbix annapaTax. 

TexHMHecKofi npo6neMofi, pewaeMOfi 
M3o6peTeHneM, HB/uieTCfl nosbiweHHe 
yAapHO-a6pa3MBHOM m3HOCOctomkocth. 
TexHUHecKMM pesynbTaTOM npn McnonwoBaHHu 
M3o6peTeHMfl RBJiweTC« nonyneHMe b 
MeTajuiMHecKOfl ocnoBe aycTeHMTa 

OnTMMaJlbHOM CTa6nribHOCTM. 

3tot pe3ynbTaT AOCTwraeTCH TeM, hto 
n3HococToi*Kntf nyryH, coAepKamufi ymepoA. 
xpoM, MapraHeu,, KpeMHUM, MeAb n N<ene30, 
AonojiHMTeribHo coAepwwT KanbLjviK u L^epnw npM 
cneAywmeM cooTHOLueHWH KOMnoHeHTOB, b Mac. 

YrnepoA 2,8-3,2 

XpoM 18,2 22,0 

MapraHei4 3,0 5,0 
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KpeMHUM 0,9 1,2 

MeAb 1,6 2,5 

Ka/ibUMM 0,005 0,01 

UepMM 0,008 0,012 

>Kene3o OoranbHoe 

BbicoKaa yAapHO-a6pasuBHafl 
M3HococTOMKOCTb npeAnaraeMoro nyryHa 
AocTuraeTca cjjopMMpoBaHneM 
npenMytAecTBeHHO cnei^nanbHbix KapGnAOB 
xpoMa Cr 3 C 2 , Cr 7 C 3 , Cr 23 C 6 , o6naAajoi^nx 
BbicoKOVi TBepAOCTbK) HV 15-16,5 ma h 
nonyneHMeM MeTacTaSmibHoft aycTeHMTHoCi 
MerannMHecKOM ocHOBbi. noc/ieAHflfl, b 
noBepxHOCTHOM cnoe 8 npoi^ecce 
yAapHO-a6pa3HBHoro B03AewcTBHfl apo6m 
npeTepneBaeT npeBpameHi/te b MapTeHCMT h 
BbiAeneHne cneuna/ibHbix Kap6nAOB xpoMa 
Cr 7C3 n Cr 2 3C 6 noBbiiueHHOM AucnepCHOCTH n 
TBepAoc™. 3to PBnfleTcn AononHMTenbHbiM 

HCTOHHUKOM nOBbllljeHHH COnpOTHBTieHHW 

yAapHo-a6pa3MBHOMy M3Hocy. 

AHann3 n3BecTHbix cocTaBOB nyryHOB 
noKa3aji. hto coAepwaHne HeKOTopbix 
BBeAeHHbix b cocTaB saflBnneMoro nyryHa 
sneMGHTos M3BecTHo, HanpuMep: ymepoAa, 
xpoMa, MapraHL^a, MeAM, KpeMHuq m t.a. Oah3ko 
npuMeneHne stux KOHtjeHTpauMii yKasaHHbix 
KOMnoHeHTOB b nsBecTHbix HyryHax He 
o6ecnennBaeT nocneAHMM TaKMe CBoiteTBa, 

KOTOpbie OHH npORBJ1?lHDT B COBOKynHOCTH C 
HOBbIMM KOMnOHeHTaMU B 33$?BflfleM0M 

TexHunecKOM peiueHnn, a MMeHHO noBbioieHne 
yAapHO-a6pa3HBHoii ushococtomkocth b Apo6n. 
TaKMM oGpasoM, npeAno>KeHHan coBOKynnocTb 
nHrpeAneHTOB npnAaeT M3o6peTeHMHD HOBbie 
KanecTBa, a MMeHHO noBbiiueHMe 
yAapHo-a6pa3MBHofi mshococtomkoctm nyryHa b 
cpeAe apo6m. 

npn coAepJKaHUM ymepoAa b nyryHe HM>Ke 
2,8% SHannTenbHO CHM>KaeTCR 
yAapHo-a6pa3HBHa« usHococToCiKOCTb, 
BcrieACTBue yMeHbiueHMa KonnnecTBa 
Kap6nAOB. npn yBe/inneHnn coAepwaHHfl 
ymepoAa Bbiiue 3,2% n3HococToi^KOCTb m 
BR3KOCTb Taiwe cHMJKaioTCfl b pe3yribTaTe 
06pa3OBaHnn rpy6bix 3a3BTeKTM^ecKMX 
Kap6MAOB, KOTOpbie noBbiwaioT xpynKOCTb 
qyryHa m sepoaTHOCTb BbiKpaLUMBaHnn. 

npeAno>KeHHafl KOHneHTpaL\nn npn 
BbiopaHHOM coAep>KaHiin ymepoAa 
o6ecneHMBaeT cpopMnpoBaHwe cneLinanbHbix 
Kap6nAOB Cr 7 C 3 Cr 23 C 6 . o6naAaK)iAHX BbicoKofi 
TBepAOCTbK) (15,5-16,5 flla), hto 
o6ycnaB/inBaeT BbicoKyjo nsnococTOMKOCTb 
MyryHa. ripw coAepwanwi xpOMa HH>Ke 18,2% 

USHOCOCTO^KOCTb CniiaBOB CHM)KaeTC« 
BCJieACTBMe 4)OpMHpOBaHM« KapGMAOB 

npenMyii\ecTBeHHo Tuna Cr 3 C 2 m Cr7C 3 w 
yMenbiueHMR KonnnecTBa Kap6nAOB Cr ^Ce. 
CoAepwaHne xpoMa 6onee 22% npn Bbi6paHHbtx 
KOHueHTpai4Mflx Apyrux KOMnoHeHTOB 
npaxTMHecKM He yBe/iMHMBaeT M3HococToRKocTb, 
a TonbKO yAopo)KaeT nyryH. 

MapraHeu o6ecnennBaeT cTa6nriM3ai4nio 
aycTeHMTa m nonyneHMe npenMyiqecTBeHHO 
aycTeHMTHotf MeTaruinHecKO^ ochobw. (Ipw 
KOHLieHTpaLiwnx MapraHi^a MeHee 3% b 
CTpyKType yBennHHBaeTC« Aona MapTeHCMTa m 
yMeHbiuaeTca KonnnecTBO aycTeHHTa. 3to 
yMeHbLuaeT CTeneHb <$a30Bbix npespameHUM c 
o6pa30BaHneM TBepAbix <paz (MapTeHCMTa 
AeqbopMat\i4n m cneL^nanbHbix Kap6nAos) b 
npoL\ecce M3HaujMBaHMn, hto CHwwaeT 

yAapHO-a6pa3MBHyJO M3HOCOCTOMKOCTb. 

floBbiiueHMe coAep>KaHMa MapraHi^a 6onee 5% 
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Hao6opoT, npe3MepHO cTa6nnn3npyeT aycTeHMT, 
yMeHbLuaeT cieneHb caMoynpoHHeHHH npw 

M3H3LLIHBaHHM M CHMWaeT M3HOCOCTOMKOCTb. 

flpu coAep>KaHHM KpeMHufi HM>Ke 0.9% 
cHMJKaeTcn >KMAKOTeKyHecTb MyryHa. a 
yBennMeHue era coAepwaHna 6onee 1,2% 
yBenwMKBaeT cKAOHHocTb k xpynKOMy 
pa3pyiueHWO. 

MeAb noBbiiuaeT npoMHOdb h B*3KocTb 
MyryHa, a raJOKe cnocx>6cTsyeT cTa6nnn3ai^nM 
aycTennTa. Ee coAepwaHi/te Menee 1.6% 
MaJioaqbqbeKTHBHO. YBe/inMeHne coAepwaHwa 
Mem oonee 2,5% npw BbiGpaHHOM 
KOHueHTpaunn MapraHua MpesMepHO 
CTa6n/iH3MpyeT aycieHUT, mto Taiwe cHM>KaeT 

yAapHO-a6pa3MBHyK) H3HOCOCTOV1KOCTb. 

Kanbijuii h uepnti bboa^ tc ^ Ana 
yMeHbiueHM« KOHueHTpai^nw BpeAHbix npuMecew 
no rpaHHi^aM aepeH m ynyMiueHUH riMTePiHbix m 
MexaHMMecKMX cbomctb MyryHa. BBeAeHne 
KanbUMH b KonnMecTBax MeHbiuux 0,005% 
npaKTHMecKH He ynyHUjaeT KanecTBa MyryHa, a 
npu ero AoOaBKe 6onee 0,01% yAopoKaeT 
MyryH. CoAepMOHne u,epua MeHee 0,08% Mario 
3Cj)<£eKTHBHO, a BBeAeHne 6onee 0,012% 
3KOHOMn^ecKn He onpaBAaHO, t. k. oto Tawe 
yAOpoKaeT nyryH. 

TaKMM o6pa30M, 3aflBnaeMafl coBOKynHocTb 
m npeAno>KeHHbie KOHuempaunu nen/ipyjomnx 
onewieHTOB oGecneMM Ba k>t noBbiweHue 
yAapHO-a6pa3HBHOvi M3hococtomkoctm. 

SKcnepMMeHTaribHbie cocTaBbi MyryHOB 6binn 
BwnnaBneHbi b ycnoBUHX MapMynonbCKoro 
MeTannyprviMecKoro MHCTuryTa b uHAyKUUOHHOfi 
neMM cpeAHeti MacTOTbi flCn 006 c kmcjios^ 
KBapi^MTOBOM qtyTepoBKOfi rum a. Merann 
neperpeBa/iM ao TewinepaTyp 1 450-1 500°C, a 
paanuBKa npon3BOAM/iacb npu TewinepaTypax 
1 400-1 450°C b npocyujeHHbie n nporpeibie ao 
1 50-200°C necMaHo-mnHMCTbie cfcopMbi. 
OTAMTbie o6pa3nw noABeprann HopMaJinaai^nn 
npu TeMnepatypax 1 100-1 150°C m omycKy npu 
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200°C, 2 m. 

HcnbuaHUfi MyryHOB npeAnoweHHbix 
cocTaBOB npoaoAwrmcb na cnet^nanbHOM 
ycTaHOBKe, nMMTupywLue^ pa6oTy nonaTOK 
Apo6eweTOB. flpuHi^nn AeflcrBua ycTaHOBKM 

OCHOBaH Ha yA3pHO-a6p33MBHOM H3HailJHBaHMH 

ncnbiTyeMbix o6pa3uos, Bpamaewibix b 
BepTMKaAbHoCi nAocKOGTn b a6pa3MBHOM cpeAe 
Apo6n (CTaJibHoCi vim nyryHHoPi), ucnonb3yeMoii 
b APo6eMeTax. CKopocTb BpameHUfl o6pa3i40B 
cocTaBrmna 2850 o6/mmh, speMfl M3HOca 100 
mmh. 3a 3TanoH 6wn npuHBT cepwfi Myryn CM-18 
TBepAocTbio HRC 15. OTHOCMTe/ibHafl 
usHococTOMKOCTb oqeHMBanacb no 

o6menpMHflTow MeTOAMKe. XMMUHecKutf cocraB v\ 
CBOMCTBa MyryHOB npuBeAeHbt b Ta6nntje. 

143 Ta6nni4bi cneayer, mto 3aflBnfleMbJfi 
MyryH onrnManbHoro cocTaBa HMeeT 6onee 

BblCOKyK) yAapHO-a6pa3MBHyiO M3HOCOCTOflKOCTb 

b apo6h, Mew npoTOTun. 

3 c£>cj)e kt H BHOCT b 3aflBJifleMoro TexHMMecKoro 
peiueHMfl 3axnK)MaeTCfl b noBbiiueHUM 
AonroBeMHOdn nonaroK APO^eMeTOB n Apyrux 
6biCTpon3HaujMBaioi^nxcji ASTanefl. 
M3roTOBnfieMbix M3 MyryHa npeAno«eHHoro 
cocTaBa, a TaioKe b skohommh Aoporwx m 
AeqtiMi4MTHbix nernpywu^nx sAeweHTOB 
(V.lt.Ni.Mo). 

OopMyna M3o6peTeHMfl: 

H3HOGOCToPiKnCi MyryH, coAep>Kamnfi 
ymepoA, xpow, MapraHeL^, KpeMHUM, MeAb m 

>Ke/ie30, OTX1MMaK)lMHMC« TeM, MTO OH 

AononHMTSJibHO coAep)KMT Ka/ibL^MM m i^epMM npu 
cneflyfOLi^eM cooTHoiueHnn KOMHOHeHTOB, Mac. 

VrnepoA2,8 3,2 

XpoM 18,2 22,0 

MapraHeu 3,0 5,0 

KpeMHMii 0,9 1 ,2 

MeAb 1 ,6 2,5 

KaribUHM 0,005 0,01 

Uepnfi 0,008 0,012 

>Kene3o Ocra/ibHoen 
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T a 6n w i\a 



XHMHHecKM* cocras 11 «3H0COCTO«K0CTb 3 a*Bnae M oro w naeecTHoro syryHOB 



Ns nnaBKM 


C 


Cone 
Cr 


p>K3HM 

Mn 


e nerwp 
Si 


Cu 


aneMem 
Ca 


'OB, MSC.°j 

Ce 


L 
V 

V 


It 




1 

II 

ill onTMManbH. 
IV 
V 

npoTOTwn a.c. 
1344807 


2.6 
2.8 
2,86 
3.2 
3.35 
2.8 


17.0 
18,2 
19,48 
22,0 
23,4 
17,0 


2,6 
3,0 
3,6 
5.0 
6.0 
4,5 


0.85 
0,9 
1,1 
1.2 

1,28 
0,7 


1,2 
1,6 
1,85 
2,5 
3,1 
1.6 


0,003 
0,005 
0,008 
0,01 
0,012 


0,006 
0,008 
0,01 
0.012 
0,013 


0,2 


0.25 


226 
272 
289 
268 
240 
220 



HpHMeMaHvie: octanbHoe >Ke/ie30 w npuMecw. 



